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CHRONIC TOXICITY SUMMARY

ETHYLENE DICHLORIDE

(1,2-dichloroethane)

CASRegistry Number: 107-06-2

l. Chronic Toxicity Summary

Inhalation reference exposure level 400 pg/m?® (100 ppb)

Critical effect(s) Hepatotoxicity; elevated liver enzyme levelsin
serum of rats.
Hazard index target(s) Liver

. Physical and Chemical Properties (HSDB, 2000; CRC, 1994)

Description Clear, colorless, aily liquid

Molecular formula CoH4Cl,

Molecular weight 98.97 g/moal

Density 1.2351 g/cm® @ 20°C

Boiling point 57.4°C

Melting point - 96.9°C

Vapor pressure 64 torr @ 20°C

Solubility Slightly soluble in water (0.869 g/100 ml at

20°C); miscible with alcohol; solublein
ordinary organic solvents
Conversion factor 1 ppm = 4.05 mg/m®

[11.  Major Usesor Sources

Ethylene dichloride (EDC) is used primarily in the production of vinyl chloride monomer
(HSDB, 2000). It isalso an intermediate in the manufacture of trichloroethane and
fluorocarbons and is used as a solvent. In California, EDC is also used as areactant carrier in
the production of solid fuel (CARB, 1997). EDC was commonly used as a gasoline additive
to scavenge inorganic lead compounds. The transition to the use of |ead-free gasoline has
essentially eliminated the use of EDC as afuel additive in this country. EDC was also used as
asoil fumigant but is no longer registered for this use on agricultural productsin the United
States. The annual statewide industrial emissions from facilities reporting under the Air
Toxics Hot Spots Act in California based on the most recent inventory were estimated to be
24,935 pounds of ethylene dichloride (CARB, 2000).
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IV. Effectsof Human Exposure

Toxicological dataresulting solely from long-term exposure to EDC in humans are lacking.
Nausea, vomiting, dizziness, and unspecified blood changes were reported in a study of
workers exposed to levels of 10-37 ppm EDC (Brzozowski et al., 1954). Kozik (1957)
reported adverse central nervous system and liver effects in workers occupationally exposed
to concentrations of 16 ppm EDC and below. Rosenbaum (1947) also reported nervous
system effects in a study of 100 Russian workers exposed for less than 5 years to
concentrations of EDC less than 25 ppm.

Immediately following a 30-minute exposure to an unknown concentration of EDC, a

51 year-old male was somnolent and experienced vomiting (Nouchi et al., 1984). Delirious
and trembling, the worker was admitted to the hospital 20 hours post-exposure. The liver was
palpable, but serum liver enzymes were normal. The patient |apsed into a coma 3.5 hours
following admission to the hospital. A marked elevation in serum liver enzymes was noted
on the second day of hospitalization, 35 hours post-exposure. Multiple organ failure occurred
on the fourth day of hospitalization and the patient died of arrhythmia. At autopsy, the lungs
were congested and edematous. Diffuse degenerative changes were observed in the
myocardium. Extensive centrilobular necrosis was observed in the liver, and acute
centrilobular necrosis was observed in the kidney. Nerve cellsin the brain, including Purkinje
cells, appeared shrunken with pyknotic nuclei. The latency period for hepatotoxicity of
approximately 20 hours suggests that metabolism of the compound yields the reactive agent
(see below).

V. Effectsof Animal Exposure

As with humans, the absorption and distribution of EDC in rats following ingestion or
inhalation is rapid and complete (IARC, 1999). Metabolism in rats and mice is extensive with
85% of the metabolites appearing in urine. Metabolism occurs predominantly viatwo
pathways, one catalyzed by cytochrome P450 and one by glutathione S-transferase. The
direct conjugation with glutathione catalyzed by glutathione S-transferase may ultimately
result in the putative alkyating agent (episulfonium ion) primarily responsible for toxicity and
carcinogenicity. Evidence for DNA-damaging metabolites resulting via the P450 pathway
exists (IARC, 1999). However, this pathway appears to be a minor route for toxic metabolite
formation.

Acute exposure in mice resulted in toxic effects similar to those seen in the human case study
presented above, including liver and kidney damage (Francovitch et al., 1986). Acute EDC
exposure exhibits a steep dose-response curve with respect to mortality. However, the long-
term exposure studies were notable for the limited organ toxicity and mortality observed in
comparison to acute studies (IARC, 1999).

Male and female rats (50 per sex) were exposed to 50 ppm EDC 7 hours per day, 5 days per
week for 2 years (Cheever et al., 1990). Absolute and relative liver weights were not
significantly different from controls. Daily observations, gross pathology, and extensive
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histopathology revealed no differences from controls other than a slight increase in
unspecified testicular lesionsin the EDC group. Additional rats were exposed to 50 ppm
EDC with 0.05% disulfiram (a non-carcinogen used extensively in the rubber industry and as
atreatment (Antabuse) for alcoholism) inthe diet. Disulfiram treatment resulted in increased
number of tumors, increased blood levels of EDC, and increased liver (primarily bile duct
cysts) and kidney (chronic nephropathy) lesions. It was concluded that some pathways
responsible for metabolism of EDC were inhibited by disulfiram, resulting in increased EDC
blood levels and bioactivation to toxic metabolites via other metabolic pathways.

Rats (8-10 per sex per group) were exposed to 0, 5, 10, 50, and 150-250 ppm EDC 7 hours per
day, 5 days per week for up to 18 months (Spreafico et al., 1980). Serum chemistry
measurements were taken after 3, 6, 12, and 18 months of exposure. Rats to be examined
after 3, 6 and 18 months of exposure were 3 months of age at the beginning of the experiment,
and rats to be examined after 12 months of exposure were 14 months of age at the beginning
of the experiment. Complete histological exams were conducted but non-cancer effects were
not discussed. No consistent treatment-related changes in serum chemistry parameters were
observed at 3, 6, or 18 months of exposure. However, rats exposed to higher levels of EDC
for 12 months exhibited changes in serum chemistry indicative of chronic liver damage,
primarily increased alanine aminotransferase (ALT) levels at the two highest exposures.

L actate dehydrogenase (LDH) and aspartate aminotransferase (AST) levels were significantly
decreased, but did not appear to be dose-related. g-Glutamyl transpeptidase levels were
elevated but at non-significant levels. Indicators of kidney toxicity included increased blood
urea nitrogen levelsin the 150 ppm group and increased uric acid levels at the two highest
exposures. However, the control values for both of these parameters were significantly lower
than that seen in rats tested at other timesin this study. Thus, the toxicological significanceis
questionable. Cholesterol was reduced significantly at the higher exposure levels but the
toxicological significance of this finding was unknown. The marked difference between
serum chemistry parameters following 12 months of exposure, compared to those following 3,
6, and 18 months of exposure, may be due to the considerable difference in the age of the rats
at the start of exposure. This study identifies a 12-month LOAEL of 50 ppm and a NOAEL
of 10 ppmin rats.

A study examining the interaction between 1,2-dichloroethane and disulfiram (DSF) exposed
rats to EDC concentrations of 150, 300, or 450 ppm 5 days per week for 30 days (Igwe et al.,
1986a; Igwe et al., 1986b). Increased liver weights and increased 5-nucleotidase (5-NT)
activity were observed in rats following exposure to 450 ppm EDC (the LOAEL for this
study). This study also determined that the interaction between DSF and EDC greatly
increased the toxicity of EDC (i.e., increased serum activities of SDH, APT, and 5-NT,
bilateral testicular atrophy, periportal necrosis and cytoplasmic swelling of hepatocytes, and
bile duct proliferation). Therefore, any person exposed to DSF either occupationally or
therapeutically is likely to be more susceptible to the effects of EDC toxicity.

Rats, rabbits, guinea pigs, dogs, cats, and monkeys were used in exposures ranging from
approximately 100 to 1000 ppm EDC (Heppel et al., 1946). At the highest experimental
concentration of 963 ppm, high mortality was observed in rats, rabbits, and guinea pigs

following exposure 7 hours per day, 5 days per week for two weeks or less. At 963 ppm
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guinea pigs exhibited lacrimation and inactivity during exposure; pulmonary congestion was
noted at autopsy. Rats exposed to this concentration exhibited degenerative proliferative
changes in the renal tubular epithelium and splenitis. Pulmonary congestion and focal
hemorrhage were also noted in 2 of 4 rats examined. While 4 of 6 cats exposed to this
concentration survived until sacrifice 11 weeks following termination of exposure, congestion
and fatty infiltration of the liver were observed at necropsy. Due to high mortality in the
rodents at the higher concentration, a subsequent experiment exposed rats and guinea pigs 7
hours per day, 5 days per week to 100 ppm EDC for four months. No increase in mortality or
effects on growth was observed in rats exposed to this concentration. The rats were
successfully bred and their pups were exposed with the dams. No significant findings were
observed upon gross and histological examinations of 10/39 exposed and 10 control rats.
This study is severely limited by the methods used to determine the exposure concentration
and by the lack of quantitative measurements of toxicity other than death. This study does,
however, indicate that fatty infiltration of the liver is one indication of toxicity following
multiple exposures to EDC.

In developmental toxicity studies summarized by Zhao et al. (1997), rats were exposed to O,
24.8, and 207.6 mg/m® (equivalent to 0, 6, and 51 ppm) EDC for 6 hr/day from two weeks
before mating and throughout gestation. Statistically significant increases in pre-implantation
loss and decreased male pup weights were observed at the highest dose. Gross skeletal and
visceral malformations were not found.

In adevelopmental study by Payan et al. (1995), Sprague-Dawley rats were exposed to 150,
200, 250, or 300 ppm EDC for 6 hrs/day from day 6 to 20 of gestation. Maternal toxicity
(reduced body weight gain; death of two females) was observed at the highest exposure.
Statistically significant evidence of altered growth and teratogenic effects were not observed
at any concentration.

Rao et al. (1980) exposed rats and rabbits to 100 or 300 ppm EDC for 7 hr/day on days 6
through 15 (rats) or 6 through 18 (rabbits) of gestation. Maternal toxicity (mortality) was
observed in rabbits at 100 ppm, and both species at 300 ppm. One rat exhibited resorption of
all implantations at the maternally-toxic dose. Otherwise, no fetotoxic or teratogenic effects
were observed in either species. In areproduction study, rats were exposed to 25, 75, or 150
ppm EDC 6 hr/day, 5 days/week for 60 days before breeding. Exposure following this period
was 6 hr/day, 7 days’week. Maternal animals were not exposed to EDC from gestational day
21 through day 4 postpartum. EDC had no effect on reproduction over one generation within
two litters.

In atwo-generation study conducted by Lane et al. (1982), ICR Swiss mice were
administered 30, 90, or 290 mg/L EDC in drinking water (equivalent to about 5, 15, or 50
mg/kg bw/day) starting five weeks before mating of the Fy generation. No treatment-rel ated
effects on fertility, gestation, viability, weight gain, or lactation indices were noted. EDC
exposure did not result in teratogenic or dominant lethal effects.

No gross or histopathological indications of hepato- or nephrotoxicity were observed in
Osborn-Mendel rats (47 or 95 mg/kg bw/day, 5 days/week for both sexes) or B6C3F1 mice
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(97 or 195 mg/kg bw/day, 5 days/week for males; 149 or 299 mg/kg bw/day, 5 days/week for
females), which were given EDC viagavage for 78 weeks (NCI, 1978). However, rats of
each sex and female mice had significantly reduced survival at the highest dose.

In acomparative study of the toxicity of EDC, Morgan et al. (1990) administered 0, 500,
1000, 2000, 4000, and 8000 ppm in drinking water to severa species of ratsfor 13 weeks. A
statistically significant increase in kidney weight was observed in male and femal e Fischer
344/N rats administered 1000 ppm or greater in drinking water. However, minimal
histological damage was observed only in the kidney of female Fischer 344/N rats. A
statistically significant decrease in body weight was observed in rats administered 8000 ppm.
Significant decreases in absolute and relative kidney weight were observed in male and
female rats administered concentrations of 1000 ppm EDC. A significant increasein relative
liver weight was observed in male rats administered 2000 ppm EDC and greater and female
rats administered 4000 ppm EDC and greater. Similar but less marked toxicity was observed
in the Sprague-Dawley and Osborne-Mendel rats administered 1000 ppm. Additionaly, rats
were administered EDC in corn oil by gavage at doses of 0, 30, 60, 120, 240, and 480 mg/kg
for 13 weeks (Morgan et al., 1990). Rats administered EDC by gavage exhibited high
mortality in the higher dose groups. Statistically significant increases in kidney weights were
observed in surviving male rats administered EDC and in female rats administered 120 or
240 mg/kg. However, no histological damage to the liver or kidney was observed.

VI.  Derivation of Chronic Reference Exposure Level (REL)

Sudy Spreafico et al., 1980.

Sudy population Rats (8-10 per sex/group)

Exposure method Discontinuous whole-body inhalation exposures
(0, 5, 10, 50, or 150-250 ppm)

Critical effects Significant elevation in liver enzymes

Exposure duration 12 months

Exposure continuity 7 hours/day, 5 days/week

LOAEL 50 ppm

NOAEL 10 ppm

Average experimental exposure 2.1 ppm for NOAEL group ( 10 x 7/24 x 5I7)

Human equivalent concentration 3.2 ppm for NOAEL group (gas with systemic

effects, based on RGDR = 1.5 for lambda (a) :
lambda (h)) (Gargas et al., 1989)

LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
I nter species uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 30

Inhalation reference exposure level 0.1 ppm (100 ppb; 0.4 mg/m?; 400 my/m°)

Cheever et al. (1990) and Spreafico et al. (1980) were the only chronic inhalation exposure
studies found in the literature that presented non-cancer effects. No reproductive and
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developmental effects were observed in studies published in peer-reviewed journals. The
study by Spreafico et al. (1980) was chosen for REL development based on the utilization of
multiple exposure levels and the observation of aNOAEL and a LOAEL for liver effects.

The Agency for Toxic Substances and Disease Registry (ATSDR) calculated a chronic
inhalation minimal risk level (MRL) for EDC of 0.2 ppm (ATSDR, 1994). The calculation
was based on the study by Cheever et al. (1990), which determined a free-standing NOAEL
of 50 ppm for lack of liver effects. A LOAEL was not determined. To derive the MRL, the
ATSDR applied uncertainty factors (UFs) of 10 each for intraspecies and interspecies
variability, and a modifying factor of 3 to account for database deficiencies, to the NOAEL of
50 ppm. The criteriafor use of modifying factors are not well specified by ATSDR. Such
modifying factors were not used by OEHHA. A continuity correction for discontinuous
exposure was not applied. The resulting MRL was 0.2 ppm (0.7 mg/m®).

For comparison to the proposed REL, a REL developed by OEHHA based on the free-
standing NOAEL of 50 ppm determined in rats by Cheever et al. (1990) would include a
continuity correction (50 ppm x 7/24 x 5/7) resulting in an equivalent continuous level of
10.42 ppm.. Application of an RGDR = 1.5 and UFs of 3 for interspecies and 10 for
intraspecies differences result in a REL of 0.5 ppm (2 mg/m°).

VII. Data Strengthsand Limitationsfor Development of the REL

The strengths of the inhalation REL for ethylene dichloride include the availability of chronic
inhalation exposure data, the relatively large number of exposure levels at lower
concentrations (allowing for better elucidation of the dose-response relationship for
hepatotoxicity), and the observation of aNOAEL. Magjor areas of uncertainty are the lack of
adequate human exposure data, the small groups tested in the key study, and the lack of health
effects data from multiple species.

The small number of animals per group and the relatively modest clinical chemistry findings
observed in the Spreafico et al. (1980) study may have resulted in false-positives, false-
negatives, and lack of clear dose-response relationships. Repeating the study in one or more
experimental animal species with full histopathological examination of organs and a greater
number of animals/dose would significantly enhance the chronic toxicity database for EDC.
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